






















Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 20, 2017
In operando Raman spectroscopy for investigation of solid oxide electrolysis cells
Traulsen, Marie Lund; Walker, R. A.; Holtappels, Peter
Published in:




Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Traulsen, M. L., Walker, R. A., & Holtappels, P. (2017). In operando Raman spectroscopy for investigation of
solid oxide electrolysis cells. In 1st International Conference on Electrolysis - Book of abstracts (pp. 167)
1st International Conference on Electrolysis  
Copenhagen, 13-15 June 2017 
Abstract No (don’t use) – Preference: (poster) 
In operando Raman spectroscopy for investigation of solid oxide electrolysis cells  
Marie Lund Traulsena, R.  A. Walkerb, Peter Holtappelsa  
aTechnical University of Denmark, Department of Energy Conversion and Storage,  
b Montana State University, Department of Chemistry and Biochemistry 
matr@dtu.dk 
 
Summary. How can in operando Raman spectroscopy increase our understanding of degradation and activation 
processes in solid oxide electrolysis cells? Recent experimental results are reported, including experiments showing 
remarkable polarisation induced compositional changes in infiltrated perovskite electrodes.  
Abstract. Traditional evaluation of solid oxide electrolysis cell (SOEC) durability and performance relies on 
electrochemical methods including voltammetry and impedance spectroscopy. In operando electrochemical studies 
are then followed by post mortem investigations of changes in microstructure and elemental composition.  As a 
supplement to these well-established characterization methods various in situ and in operando spectroscopies have 
received increased attention in the solid oxide cell community during the last decades1-2 and may offer a great 
potential for improving the understanding of degradation processes in solid oxide electrolysis cells. The advantage of 
these in situ and operando techniques is they may reveal changes in elemental electrode compositions in real time as 
the changes occur. 
For solid oxide cells in operando spectroscopy is defined as spectroscopy with the three operating parameters: 1) 
Temperature, 2) Atmosphere and 3) Electrical polarization, held at values similar to those experienced during real 
operation of the cells. Previous work using operando Raman spectroscopy to study solid oxide cells and materials has 
examined coking by carbon containing fuels3 as well as changes in a material’s oxidation state4 under atmospheric 
pressures and at temperatures as high as 800 °C.   
In the present poster, a number of recent cases are presented, where Raman spectroscopy has been applied in situ 
and in operando to study solid oxide cells and solid oxide materials. Special emphasis is put on an experiment applying 
in operando Raman spectroscopy on an air electrode prepared by BaO infiltration of LSM ((La0.85Sr0.15)0.9Mn3±j), as 
this experiment led to several interesting observations5.  The first surprising discovery was that the BaO had formed a 
secondary Ba3Mn2O8 phase due to reaction with the LSM. This phase was likely the cause of a decreased polarization 
resistance observed at OCV conditions. Secondly, this Ba3Mn2O8 phase reversibly decomposed with electrical 
polarization with Mn changing its oxidation state sequentially from 5+ to 2+ (MnO).  When the electrical polarization 
was removed, the MnO was transformed back into Ba3Mn2O8.  These findings emphasize the need to directly observe 
material changes in high temperature solid oxide electrodes under realistic working condition, especially electrodes 
prepared by infiltration.  
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